We present an analysis of propagation along practical, single-mode, matched-cladding and depressed-cladding slab waveguides and fibres using the bound modes of the entire core-cladding-coating-air cross-section, instead of the usual bound-radiation mode model of a finite core and unbounded cladding. Our model readily quantifies the spatial transient in terms of modal absorption and scattering in the coating, and also displays leaky mode behaviour, as well as the characteristic transmission dips associated with the fundamental mode beyond its cutoff wavelength in a depressed-cladding fibre.
Introduction
When a fibre is excited by a source of illumination such as a semiconductor laser, its bound modes and radiation field are generally both excited. The amplitude of each bound mode is readily quantified using standard excitation formulae [1, Ch.20] , and, sufficiently far along the fibre, the superposition of the bound modes determines both the total electromagnetic field and total power guided by the core. At the beginning of the fibre, there is, in general, a significant fraction of the source power entering the radiation field. If, as is normally the case, the cladding is assumed to be unbounded, then the radiation field can be described either exactly in terms of a continuum (integral) superposition of the radiation modes of the fibre [1, Ch.25] , or approximately in terms of a finite superposition of discrete leaky modes [1, Ch.24] . In assuming an infinite cladding, either representation of the radiation field corresponds to light power steadily diverging away from the core as it propagates along the fibre.
Practical fibres, however, comprise a core, finite cladding, and a protective, absorbing coating which forms the jacket. If the jacketted fibre is surrounded by air, then the complete core-cladding-jacket-air profile, which typically has an overall diameter of approximately 250µm, is highly multimoded and supports a large number of bound modes with effective indices above that of air (n=1). In order to distinguish these modes from the modes of the core-infinite cladding, we shall refer to them as supermodes.
The refractive indices of the core and cladding are very much larger than air, which implies that both the transient and steady-state propagation along the fibre due to the source of excitation can be described accurately in terms of a superposition of all these supermodes. In this description, only radiation at relatively large angles to the fibre axis, i.e. more than about 45 deg to the fibre axis, is not included. However, such large-angle radiation is lost from the fibre over short longitudinal distances of about 150µm along a standard single-mode slab waveguide or fibre.
One advantage of the supermode description of propagation is that it avoids the numerical difficulties encountered in quantifying the continuum radiation mode description. The radiation field of the fibre, E rad is expressible as an integral over the continuum of the form E rad (x, y, z) = j kn cl 0 a j (β)e j (x, y, β) exp (iβz) dβ (1) where j denotes the transverse mode order, a j (β) is the modal amplitude, β is the propagation constant, e j (x, y) describes the transverse dependence of the modal electric field of the j'th mode, and z is the distance along the fibre. As the value of z increases, the exponent in Eqn. 1 oscillates more rapidly, which makes accurate numerical quantification difficult.
In the new description, we can replace the bound and continuum radiation mode description of propagation by a discrete summation over all the supermodes of the whole structure.
a m e m (x, y, β m ) exp (iβ m z)
In the first description, given by Eqn. 1, the attenuation of the source power not entering the fundamental mode is due to radiation propagating away into the unbounded cladding. In the description given by Eqn. 2, all the supermodes are bound, and the attenuation of light power is due to absorption and scattering by the coating material.
In the following sections, we set up the framework for the supermode description of propagation, concentrating on single-mode slab (one-dimensional) and fibre (two-dimensional) geometries. This description is then applied to the excitation of both matched-and depressed-cladding, step-profile slab waveguides and circular fibres with lossy jackets. The bound and transient fields and corresponding powers are quantified as a function of distance along the guide and source wavelength. We also relate our results to the corresponding leaky mode description.
Our motivation is to provide a general method for analysing the excitation, spatial transient, and steady state along practical single-mode fibres and waveguides. The worked examples concentrate on simple cases, involving piecewise step profiles, and axially oriented sources, but can be readily generalised to include graded profiles and off-axis sources. This generalisation necessarily involves significantly more numerical computation, because of the need to generate numerical solutions for the modal fields and the much larger number of modes involved, and is beyond the scope of the present paper.
Mathematical Model
Although practical fibres have a core refractive index profile which is generally graded, for analytical simplicity we adopt a step profile, so that the complete profile over the core-cladding-jacket is a piecewise step. However, the following analytical development can be readily generalised to accommodate a graded core by incorporating appropriate numerical techniques for the solution of the governing scalar wave equation over the core region.
In our model, the core has uniform index n co and half-width or radius ρ for the slab waveguide or fibre, respectively. In the case of the matched-cladding profile shown in Fig. 1(a) , the cladding has thickness (σ − 1)ρ and index n cl , while the jacket has thickness (τ − σ)ρ and index n ja . Beyond the jacket is air with unit index. The depressed-cladding profile shown in Fig.1(b) is identical to the matched-cladding profile in Fig.1(a) apart from the addition of a depressed region of thickness (d − 1)ρ and index n dp immediately adjacent to the core.
The core, depressed-cladding, and cladding materials are assumed to be non absorbing (i.e. have real refractive index), while the jacket is absorbing, having complex refractive index n ja = n (r)
ja , where the superscripts i and r denote the real and imaginary parts of the index, respectively. The imaginary part of n ja accounts for both absorption and scattering in the jacket, and, for simplicity, is assumed constant independent of wavelength.
Supermodes
The variation in refractive index value across the core, depression, cladding, and jacket is normally relatively small in practice, and so the weak-guidance approximation can be applied [1, Ch.13] . In this situation, the vector electric field of each supermode reduces to a single scalar transverse component which is expressible in the form
where β is the mode propagation constant and ψ is the appropriate solution of the scalar wave equation for each region of the profile. For the slab waveguide, with transverse coordinate x, the scalar wave equation has the form
while for axisymmetric modes of the fibre it has the form
where r is the radial coordinate, and n denotes the refractive index profile. If λ is the free-space source wavelength and k = 2π/λ the corresponding wavenumber, then the effective index n ef f of the supermode is defined by
At the jacket-air interface, there is a relatively large difference in index. Contemporary acrylate coatings of fibres have a relatively high index, for which the real part is taken to be 1.54 in this paper, in which case the relative index difference with air is about 29%. This enables a further highly accurate and simplifying approximation to be made, by assuming negligible penetration of the supermode field into the air , so that there is essentially zero field on the jacket-air interface.
Supermode delineation
The form of ψ for the supermode in each region of the profiles in Fig. 1 depends on the value of the effective index. Accordingly, it is convenient to delineate between the supermodes according to their effective index value. With reference to Fig. 2 , supermodes with effective index in the range n co < n ef f < n (r) ja will be referred to as 'jacket' modes, those with effective index in the range n cl < n ef f < n co as 'core' modes, and those with effective index in the range 1 < n ef f < n cl as 'cladding' modes. Fig. 2 gives a visual delineation of the various types of supermodes as a function of their effective index. Note that the range of 'core' supermodes includes a number of supermodes with fields confined predominantly within and close to the jacket region together with a single supermode whose field is confined mainly within and close to the core. The latter essentially coincides with the fundamental mode of the single-mode core-infinite cladding waveguide or fibre.
Supermode fields and propagation constants
The appropriate field ψ for each type of supermode in each region of the profile is determined by the scalar wave equations 4 and 5, and details of their derivation is given in the Appendix for both the slab and fibre waveguides. Within the jacket region, the index is assumed real for this purpose, and the effect of the small imaginary part of the index on each supermode is regarded as a perturbation, as discussed in Section 3.3. At each interface between the different regions, continuity of ψ and its first derivative in x or r is imposed, except on the jacket-air interface where ψ = 0. Elimination of the various constants appearing in the resulting set of homogeneous equations leads to the eigenvalue equation for the discrete values of the propagation constant for each type of supermode. As each eigenvalue equation is transcendental, it is necessary to find its solutions numerically. Given the propagation constant, the supermode fields can then be constructed from the set of homogeneous equations.
Attenuation due to the jacket
The effect of the lossy jacket on each supermode is to introduce an attenuation of its amplitude and power. This can be described through the addition of an imaginary part, β (i) j , to the propagation constant for the j'th supermode, so that
where superscripts r and i denote real and imaginary parts, respectively. The power P j (z) of the supermode distance z along the guide then attenuates according to
where γ j is the power attenuation coefficient. Modal attenuation is normally small in fibres, so that β
j . This allows us to use a perturbation approach to determine β 
where η j denotes the fraction of the total power of the j'th supermode which propagates in the jacket.
Source Representation
We now have a prescription for determining the supermode fields, propagation constants and attenuation coefficients due to any source of excitation. In the following applications, we model a symmetrically placed focussed laser source on the endface of the slab or fibre by assuming a coherent source with a transverse electric field distribution, E s . We assume that E s includes the effect of reflection from the endface and has an approximately Gaussian distribution
where A is the amplitude, s the spot size, and x → r for the fibre source. The corresponding amplitude a j of the j'th even supermode is then determined according to [1,Ch.20]
where e j denotes the transverse field dependence. For the fibre excitation, x → r, dx → 2πr dr.
Overall power attenuation
Once the amplitude of each supermode has been determined using Eqn 11, then the overall attenuation of power along the waveguide or fibre is determined by summing the power expressions of Eqn 8 over all excited supermodes. Thus, if P tot (z) denotes the total power at a distance z along the axis, then
and hence the fraction F of source power which is not guided by the supermodes is given by
where P s denotes the total source power, obtained by integrating |E s | 2 over the infinite cross-section, where E s is given by Eqn 10.
Parameter Values
The parameter values used in the excitation and propagation analyses for the two profiles in Fig. 1 are: n co = 1.454; ρ = 2µm; n dp = 1.44; distance to depressedcladding/cladding interface (dρ) = 8µm for the slab waveguide and 4µm for the fibre; n cl = 1.447; distance to cladding/jacket interface (σρ) = 62.5µm; n ja = 1.54 + i × 10 −4 ; and distance to jacket/air interface (τ ρ) = 125µm. A source spot size of s = 3µm is used throughout except where otherwise stated. The waveguide or fibre parameter V is defined by
Accordingly, in the infinite cladding model, the slab waveguide is single-moded provided V < π/2, i.e. λ > 1.14µm, and the fibre is single-moded provided V < 2.405, i.e. λ > 0.715µm. The depressed-cladding region is chosen to be deep/wide enough for the fundamental mode of the infinite cladding model to have a finite cutoff wavelength. This requires that [ 
for the symmetric slab waveguide, where n denotes the core-depression-infinite cladding profile. Using the above parameter values, the value of the integral is readily found to be -0.13. The corresponding condition for the fibre is
and the integral value is -2.52.
Results

Matched-cladding slab waveguide
The first application of the supermode analysis investigates the attenuation of power along a matched-cladding, step profile slab waveguide, with the profile of Fig. 1(a) and parameter values as defined in Section 5. The Gaussian source excites all of the supermodes with effective indices in the range 1.0-1.54. Using Eqn 13 we calculate that the fraction F of source power not guided by the supermodes is less than 0.2% for the range of parameters used in this paper.
If we plot the fraction of power in each supermode as a function of effective index for various spot sizes, then, because of the large number of supermodes excited, we obtain the effectively continuous curves in Fig. 3(a) . As one would predict, there is negligible power in the jacket supermodes (n ef f > 1.454), and also, the fundamental supermode is excited significantly more than any other supermode (n ef f ≈ 1.45), since the source is localised at the core. This explains the sudden peak in the excitation fraction at n ef f ≈ 1.45.
Below n ef f ≈ 1.45 the curves for the cladding supermodes become smooth. For a very narrow source width relative to the characteristic length scale of the transverse modal fields, the source acts very much like a Dirac delta function and excites virtually all cladding supermodes equally. This can be seen in the almost horizontal solid curve in Fig. 3(a) for a spot size of 0.5µm. As the spot size increases, lower-order supermodes with higher effective index values are preferentially excited, corresponding to the sloping dotted curve for s = 1.0µm. As the spot size increases further, a series of discrete dips begins to appear with one for s = 2.0µm, and two for s = 10.0µm and s = 20.0µm. For larger values of spot size, the effective index values for the two dips remain approximately fixed.
The power in each cladding supermode depends on its amplitude, a j , which in turn is determined by the integrated product of its transverse electric field with the Gaussian source field, as expressed by the integral in the numerator of Eqn. 11. Each cladding supermode has a field which is oscillatory in both the core and the cladding with approximately equal spatial periods of the field if the supermode has an effective index far enough below n cl (n ef f < 1.42). As the supermode order increase the period of oscillation of the fields decreases and there is an overall decrease in the the integral. This explains the slope in the curves for s = 0.5µm and s = 1.0µm in Fig. 3(a) . The power in the supermode calculated as the integrated product of a Gaussian with a continuous sinusoidal function of Eqn. 11 becomes minimal at the cusp-like dips in Fig. 3(a) and (b) . Intuitively, these minima will occur when the core and cladding fields are as similar as possible, i.e. for the slab waveguide when the amplitudes of the core and cladding fields are equal and together represent a single sinusoid over both regions. This is quantified in Fig. 4 , which plots the ratio κ of the amplitude of the core and cladding fields as a function of effective index. The dips in Fig. 3 ja . There is essentially no attenuation of the fundamental supermode. For the total power in the remaining cladding supermodes, the attenuation initially increases very rapidly with distance along the waveguide as the lowest-order cladding supermodes are attenuated by the coating, and then approaches an asymptotically slower rate of increase as the higher-order supermodes are attenuated. This is consistent with the supermode power distribution given in Fig.3(a) . At a given distance z along the waveguide, the asymptotic curves display increasing attenuation proportional to the jacket absorption.
Leaky modes
The concept of leaky modes was introduced to provide an intuitive description of propagation immediately beyond the cutoff wavelength, or V-value, of a bound mode on a matched-cladding waveguide or fibre with an infinite cladding, i.e. when n ef f < n cl . Just beyond cutoff, the leaky mode has a field which is similar to that of the bound mode below cutoff, but, as it is not bound, it gradually spreads into the cladding as it propagates along the waveguide.
An approximate description of the radiation field, or spatial transient of the matched waveguide or fibre can be expressed as a summation of the leaky modes excited by the source [1, Ch.24] , and the diverging nature of each leaky mode field would be apparent. This description of the unguided, or radiation, field would also be approximately correct for finite-clad waveguides and fibres, but would become inappropriate once the radiated field reached the outer boundary of the cladding. In other words, the supermode description of propagation. In other words, the supermode description of propagation should exhibit leaky mode-like behaviour close to the source. This is evident in Fig. 6(a) , which shows a two-dimensional x-z plot of the transverse electric field for excitation at 1.55µm wavelength with a spot size of 3µm. The contours correspond to constant field amplitude and decrease away from the origin. The fundamental bound mode can be discerned propagating parallel to the longitudinal direction, and there are three nodes at increasing angles to the waveguide axis corresponding to the even leaky modes. Over the distances plotted in Fig. 6 (a) the attenuation due to the jacket is negligible, so the total power in the supermodes is conserved. The interference caused by superposition of the cladding supermodes is responsible for the radiation distribution along the slab with visible nodes at increasing angles which we link with leaky modes. It is important to note that in the infinite cladding case, the leaky modes will diverge continuously from the core, whereas in our finite cladding case, they will be reflected back from the outer boundary, so power is conserved.
In a classical analysis, leaky modes are characterised by a complex propagation constant of the form of Eqn. 7. The real and imaginary parts are determined numerically from the eigenvalue equation for the even modes of the step-profile slab waveguide beyond cutoff [1, ]. This equation is derived for the infinite cladding model, but, because of the relatively large thickness of the cladding in the supermode model, this will have a negligible effect on the numerical values of the leaky mode propagation constant. The real part of the propagation constant of each leaky mode defines an angle Ω relative to the waveguide z axis at which the field of the leaky mode spreads [1, Sectn.24-5].
The calculated and measured values of Ω from Fig. 6 (a) are summarised in Table 1. As a leaky mode description of the radiation field is most accurate close to and within the core of the waveguide, the values in Table 1 show good agreement considering that each leaky mode field is propagating well into the cladding.
Matched-cladding fibre
The b) . Only the axially symmetric supermodes are excited by the symmetric source. Each of these three sets of curves displays similar qualitative features to the corresponding curves for the matched-cladding slab waveguide. The quantitative differences between the slab and fibre curves are attributable to the change from slab to circular geometry. For example, the relatively higher attenuation of residual power in Fig. 5(b) can be explained in terms of the supermode power distribution in Fig. 3(b) . The latter shows that, compared to the slab supermodes of Fig. 3(a) , there is relatively more power in the lower-order fibre cladding supermodes which suffer much higher attenuation by the jacket. The field amplitude plot of the superposition of axisymmetric supermodes in Fig. 6(b) reveals the presence of the first three axisymmetric LP 0m or HE 1m leaky modes (m=2,3, and 4), corresponding to the three off-axis field nodes in the pattern. The direction of the peaks in the field relative to the fibre axis and the corresponding theoretical values, deduced by solving the eigenvalue equation for a simple single mode fibre beyond cut-off [1,Ch.24], are compared in Table 1 . The angles agree well with leaky mode theory, and the slight inaccuracies are assumed to be due to neglecting the radiation field summation which, as explained earlier, propagates at angles greater than about 45 deg.
Depressed-cladding waveguides and fibres
The propagation of the fundamental mode on depressed-cladding waveguides and fibres with the profiles illustrated in Fig. 1(b) differs from the situation for the corresponding matched-cladding profiles in Fig. 1(a) in that the fundamental mode now has a finite cutoff wavelength λ = λ cut for which n ef f = n cl . For wavelengths λ > λ cut , the effective index is below the cladding index. The propagation characteristics of the fundamental mode can then be discussed in terms of the modes of two guiding subprofiles in order to gain simple physical understanding. Accordingly we consider the waveguides in Fig. 7 consisting of (a) a core-depression subprofile, and (b) a depression-cladding-jacket-air subprofile. Clearly, for the fibre model, we consider the corresponding circularly symmetrical waveguides.
By itself, the core-depression waveguide in Fig. 7(a) is a 'matched-cladding' type of waveguide and its 'fundamental' mode propagates for any value of source wavelength. As the materials of the core-depression are assumed lossless, this mode would propagate unattenuated in the absence of any other influence. The depression-cladding-jacket-air waveguide in Fig. 7(b) is multimoded, supporting a large number of 'cladding' modes with effective indices in the range n dp < n ef f < n cl . As the source wavelength increases beyond the cutoff wavelength, the effective index of the core-depression 'fundamental' mode decreases monotonically, and, likewise, the effective index of each 'cladding' mode also decreases. However, because of the relatively large thickness of the depression-cladding-jacket-air waveguide compared with that of the core-depression waveguide, the effective index value of each 'cladding' mode decreases much more slowly than that of the 'fundamental' mode. Accordingly, as the 'fundamental' mode effective index decreases below n cl , it will match the effective-index value of successive 'cladding' modes, and, provided the cladding mode has the same symmetry as the fundamental mode, there will be coupling between the two modes and a transfer of power from the 'fundamental' mode to the cladding mode. The power transferred to the 'cladding' mode is subsequently absorbed in the jacket. Thus, if we were to calculate the attenuation of the 'fundamental' mode, we would expect to see a series of peaks occurring at discrete wavelengths [3, 4] .
The physical description of the fundamental-mode power-loss mechanism given above can be quantified using the supermodes of the complete structure. If we plot the variation of effective index of each supermode for n ef f < n cl , we obtain the characteristic solid curves plotted in Fig. 8 . Each curve displays a similar behaviour. As the wavelength increases, there is initially a relatively slow decrease in effective index, and the field and power of the supermode is predominantly confined within the cladding-jacket region. In the S-shaped region of each curve, the effective index decreases much more rapidly with supermode power and the modal field now occupies the core-depression region. Finally, there is a return to the slow index decrease with increasing wavelength and modal field returns to the cladding-jacket region. This lazy 's' behaviour is consistent with the 'fundamental'-to-'cladding' mode coupling description given above, the sloping dotted line denoting the variation of the 'fundamental' mode.
If we assume the Gaussian source (spot size s = 3µm for the slab waveguide, and s = 1.5µm for the fibre), then beyond the cutoff wavelength of the fundamental mode, a large number of supermodes will be excited with effective indices in the range n dp < n ef f < n cl . However, sufficiently far along the slab waveguide or fibre, all of these supermodes will suffer significant power attenuation, with the exception of the supermode corresponding to the fundamental mode (shown by the dotted line in Fig. 8 ) away from the wavelengths at which its effective index crosses that of a 'cladding' mode. Put another way, if we plot the attenuation of the fundamental power a suitable distance along the waveguide or fibre, as shown in Figs. 9(a) and (b) , respectively, we obtain a set of spikes, due to successive resonances between the fundamental mode and a cladding mode (corresponding to the intersection of the dotted and solid curves in Fig. 8) . We also see a gradual increase in loss with increasing wavelength between these points, as the fundamental-supermode field spreads further into the cladding and its tail extends into the absorbing jacket.
The dashed curves in Fig. 9 are proportional to the difference in the effective index values of the modes of the structures shown in Figs 7(a) and (b) respectively. The minima of these curves are therefore the 'crossing' points of the solid and dotted plots in Fig. 8 . These peaks coincide with the absorption peaks in the fundamental power, validating the supermode analysis.
Conclusions
We have developed and applied a discrete bound-supermode technique for analysing propagation along practical waveguides and fibres with finite overall cross-sections. The results are valid everywhere except for a negligibly small region immediately adjacent to the source of excitation. The method takes account of material ab-sorption and scattering, as well as depressed-cladding profiles. It provides a basis for the analysis of the spatial transient of single mode fibres, in particular close to second mode cutoff when the unguided part of the transmitted field diverges very slowly away from the core region.
In this work, we consider only axisymmetric fields in fibres for simplicity. However, by solving the appropriate scalar wave equation with azimuthal variation, it would be straightforward to extend the analysis to input fields of other azimuthal symmetries [1] . For a generalised problem with an asymmetric source, it would be necessary to express the input field as a double summation over both radial and azimuthal coordinates, in a method analogous to a two-dimensional Fourier series. This would become a very intensive task, as there would be around 200 axisymmetric modes for a problem such as that described in this paper. The number of modes in each successive azimuthal asymmetry would gradually become smaller, but an estimate of the total number required in general would be 10 5 [1] making the numerical analysis commensurably heavy. However, with the rapidly increasing computer power available for both algebraic and numerical analysis, this paper opens the door to the development of potentially very useful methods for predicting the spatial transients in fibres with prescribed profiles, geometries, and sources of excitation.
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Appendix
Here we outline the solution method for determining the modal fields and propagation constants from the boundary conditions and eigenvalue equations of the step-profile slab waveguide and fibre with either the matched-or depressedcladding index profiles shown in Fig. 1(a) , and Fig. 1(b) , respectively. We start with the scalar wave equations of Eqns. 4 and 5 for each region of constant index.
The solutions of the respective scalar wave equations are in the form of exponentials for the slab waveguide and Bessel functions for the fibre, as shown in Fig. 10(a) and (b) for the slab and fibre, respectively. The arguments of the functions in Fig. 10 are defined in Table 2 and the normalised transverse coordinates are X = x/ρ, and R = r/ρ. For the slab waveguide, solutions will be either evanescent (for modes with effective indices above the refractive index in the region) or wavelike (for effective indices below the refractive index in the region). The Bessel functions are either I 0 and K 0 (for evanescent fields with effective indices above the refractive index in the region) or J 0 and Y 0 (for wavelike fields with effective indices below the refractive index in the region).
Our analysis assumes a source of illumination which is symmetric about the central axis so we need only solve for the even or axisymmetric modes. The modal field in each region of the waveguide is represented in Fig. 10(a) and (b) for the slab and fibre, respectively, where A, B, C, D, E, F, and G are constants and the modal parameters (U, P, M, N, Q, W, T and S) are defined in Table 2 . The fields in the shaded grey regions have effective indices below the refractive index in those regions, while those in the white regions have effective indices above the refractive index in those regions.
For the case of the slab waveguide, the functional dependence of the field in the core is of the form cos (UX) or cosh (UX), depending on whether n ef f < n co or n ef f > n co respectively. The fields in all other regions are linear combinations of positive and negative exponentials with pure real or pure imaginary arguments, depending on whether the effective index is above or below the refractive index, respectively. Each exponential is multiplied by a coefficient (A to G) which determines the field magnitude. These coefficients are determined from the continuity conditions for the field and its derivative (ψ and dψ dX ) at each interface. These relationships are listed in Table 3 .
For the case of the fibre, the field in the core is of the form of either the J 0 or I 0 Bessel function, depending on whether n ef f < n co or n ef f > n co respectively. The fields in all other regions comprise linear combinations of either I 0 and K 0 or J 0 and Y 0 Bessel functions with coefficients (A to G) which determine the magnitude of the field. These coefficients are determined from the continuity conditions for the field and its derivative (ψ and dψ dR ) at each interface. These relationships are listed in Table 4 .
The corresponding solutions for the matched-cladding waveguide and fibre are generated in a similar manner by setting d = 1 and hence omitting the depressedcladding region. Relationships between the constants A to G as a function of effective index n ef f for the step-profile slab waveguide. Table 4 : Relationships between the constants A to G as a function of effective index n ef f for the step-profile fibre. •1.0 < n ef f < n cl -'Cladding' modes •n cl < n ef f < n co -'Core' modes (includes fundamental) •n co < n ef f < n Table 1 : Calculated and measured supermode-superposition propagation angles for leaky modes.
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